


disease, chronic pathogen colonization, lung function, CF-related diabetes, and nutritional

status.

Conclusion

As the complex abdominal involvement in CF is still not fully understood, the assessment of

the common AS is of major interest. In this regard, symptom questionnaires like the herein

presented are meaningful and practical tools facilitating a wider understanding of the

abdominal symptoms in CF. Furthermore, they render to evaluate possible abdominal

effects of novel modulators of the underlying cystic fibrosis transmembrane (conductance)

regulator (CFTR) defect.

Introduction
Cysticfibrosis(CF) is themostcommonlife threateningautosomalrecessivedisordercaused
bymutationsin thecysticfibrosistransmembrane(conductance)regulator(CFTR) gene.The
CFTRprotein,which isessentialin theregulationof chlorideandsodiumtransportin epithe-
lial cells[1], ishighlyexpressedon theapicalsurfaceof intestinalepithelialcells,pancreatic
ductalcells,andcholangiocytesin bileductswhich in thehealthytransportions,bicarbonate
andfluid to theorgans'lumen[2]. Thus,CFTRdysfunctionresultsin viscousluminal secre-
tionsobstructingthebileandpancreaticductsaswellastheintestine[3]. Theresultinggastro-
intestinal(GI) manifestationsincludepancreaticinsufficiency(PI), meconiumileus(MI),
distalintestinalobstructionsyndrome(DIOS),andbiliary tractcomplicationswhichcanlead
to cirrhosisandhepaticfailure[4]. TypicalresultingGI symptomsarefrequentandvolumi-
nousgreasystools,flatulence,abdominalbloating,constipation,abdominalpain,animpaired
nutritional status,aswellasfailureto thrive.EventhoughGI symptomsareahallmarkof CF
[5±7],oftenleadingto diagnosisof theinheriteddisease,theyarestill insufficientlyunderstood
for whydeeperinvestigationsinto theabdominalinvolvementin CFareneeded[2]. Moreover,
with enhancedsurvivaldueto improvedtherapeuticoptionsandpatientmanagement,comor-
biditiesof theGI, hepatobiliary,andpancreatictractareof increasingclinicalandscientific
interest.However,becauseof thecomplexinteractionof avarietyof dysfunctioningorgans,
medicinaleffects,andevenpsychosocialfactors(Fig1), thedifferentiationof themultitudeof
abdominalsymptomsconstitutesamajorchallenge.

Interestingly,previousstudiesassessingthegeneralsymptomof pain in CFindicatethat its
mostcommonlocationwastheabdomen[8±11].Nevertheless,mostof thesestudiesdid not
differentiateabdominalpaine.g.regardingfrequency,intensityandlocation,andthusfailed
to specifytheorigin of GI symptomatologyandits clinicalassociations.In arecentsystematic
review,16studiesinvestigatingpain in CFwereevaluated[12]. Eightof themreportedoccur-
rencesof abdominalpain in CF,with ahighvariancerangingbetween21%and60%of the
assessedCFpatients,whileonly fewstudiesmeasuredpain intensity.Thismostlywasnot spe-
cific for theabdominalregionandbasedon singleitemsscales(e.g.anumericalratingscale).
It hasbeenrecognizedthatabdominalsymptomsrelevantlyimpair healthrelatedqualityof
life (HRQoL)byaffectingCFpatients'dailyactivitiesaswellastheir emotional,socialand
physicalfunctioning[13]. Yet,only onestudyfocusedon reportingprevalenceof recurrent
abdominalpain in CF[14].

Recentdevelopmentsof smallmoleculesthatpotentiateor correctdefectiveCFTRprotein
function entailaneedto assesschangesin abdominalinvolvementby thenewsystemic
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treatment.Most interestingly,in somemutations(e.g.G551D) CFTRmodulatorsevenallow
restorationof pancreaticfunction in somepatients[15,16]andtheyprocuredatrend towards
normalizationof sweattests[17,18].Besidesoutcomemeasuresacquiredby laboratory,radio-
logicalandelectrophysiological methods,theFoodandDrug Administration (FDA) encour-
agestheusageof patientreportedoutcomemeasures(PROM)suchassymptom
questionnairesassupportivetoolsor evenendpointmeasuresin clinical trialsandoffersguid-
ancefor their development[19].

Aim of thepresentstudywasto obtainstructuredanddetailedinformation on GI involve-
mentandsymptomswith anewpilot scorespecificallydesignedfor assessmentof abdominal
involvementin CFpatients(JenAbdomen-CFScore1.0)andrelateresultsto clinicalandlabo-
ratory findings,history,andCFTR genotype.

Fig 1. Multifact orial causes of abdomi nal sympto ms in CF. CFLD–CF-associated liver disease, CFRD–CF-related diabetes, DIOS–distal intestinal

obstruction syndrome, GERD–gastroesophageal reflux disease, MI–meconium ileus, PI–pancreatic insufficiency.

https://doi.org/10.1371/journal.pone.0174463.g001
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Materials and methods

Ethical statement

Thisstudyhasbeenconductedin strict accordancewith theethicalguidelinesin theDeclara-
tion of Helsinkiandit wasapprovedby theJenaUniversityethicscommittee(registration
number4458-06/15).All patientsaged�18y andparentsof minorsprovidedwritten
informedconsent.

Patients

TheprospectivestudywasperformedincludingCFpatientsof all agesat theJenaUniversity
HospitalCFCenter.Inclusioncriteriawere:(1) adiagnosisof CFdeterminedbyasweatchlo-
ride of>60mEq/Land/or (2) detectionof 2 diseasecausingCFTR mutationswith evidenceof
organinvolvement.

Evaluation of the score

ThenovelJenAbdomen-CFScore1.0wasdesignedconsideringtherecommendationsgiven
by theFDA for developmentof aPROM[19] including in-depthinterviewswith patients,lit-
eraturereviews,andphysicianexpertopinions.During routinepresentationin our outpatient
clinic, patientsand/or theguardianscompletedaquestionnaireconsistingof 17items(Fig2,
S1Table)to measuretheGI symptomsduring thepreviousthreemonthsgroupedinto thefol-
lowing four domains:

1. abdominalpain,

2. non-painsymptoms,

3. subjectiveevaluationof thefeces'frequency,form andcolor,and

4. disordersof eatingandappetite.

1. Theabdominalpaindomainconsistsof threeitemswhichassessfrequency,intensity,and
durationof abdominalpain.In addition,oneitem regardingtheintensityof painduring
bowelmovementswasevaluated.PainfrequencywasmeasuredusingaLikert-typescale
[20], with sixresponseoptionsrangingfrom `neverÂ(0pts)to `dailyÂ(5pts).Painintensity
wasassessedusingawell-validatedVisualAnalogueScale(VAS)[21], whichconsistsof an
11-pointscalerangingfrom 0 to 10with aseriesof sixemotionexpressingfacesanchored
ateitherendby`nopainÂ(0pts)to `worstpaineverÂ(5pts;2 VASstepseach).Theduration
of experiencedabdominalpainwasassessedbyofferingsixoptionsrangingfrom `0min-
utesÂ(0pts)to `morethan360minutesÂ(5pts).In addition,weaskedfor thelocation,aggra-
vatingandalleviatingfactors,copingstrategies,radiation,onsetandqualityof abdominal
pain.Locationof theabdominalpainwasmarkedon awell-validatedbodyoutlineadapted
from Savedraetal.[22] displayingananteriorandposteriorviewof theabdomen.Coding
of bodylocationwasconductedusingtheninequadrantsof abdomenincluding:hypo-
chondriac(right andleft);epigastric;lumbar(right andleft);umbilical;iliac (right andleft)
andhypogastricregions.Cut-off pointsfor mild (VAS<3),moderate(VAS3±5)andsevere
(VAS�5) abdominalpainwasgivenaccordingto Kainzwaldneretal.[23].

2. Thenon-painsymptomsconsistof 8 itemswhich includeflatulence,abdominaldistention,
constipation,nausea,vomiting,heartburn,fattystools,andrefluxof stomachcontent.Each
symptomwasmeasuredwith a6-point ratingscaleanchoredateitherendby `notatallÂ
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(0pts)to `alwaysÂ(5pts)at theotherend,exceptfor fattystoolsthatwasassessedbyabinary
response:̀noÂ(0pts)and`yesÂ(5pts).

3. Theconsistencyof stool(oneitem) wasevaluatedusinganadaptationof thewell-validated
BristolStoolFormScale[24,25]classifiedinto seventypes(type1±2= hard;type3±4= formed;
type5±7= soft).Zeropointsweregivenfor this itembyaformedstoolconsistency;1point
for ahardstoolconsistency;3pointsfor bothhardandsoftstoolconsistencyand5pointsfor
asoftstoolconsistency.Thepatient'sstoolcolor (oneitem) wasassessedusingamodified
StoolColorCardfor thescreeningof biliary atresiabyadditionof fivefrom brownto black,
tarry stoolcolorsadaptedfrom Guetal.[26] with 12consecutivepicturesrangingfrom pale

Fig 2. Pain and non-pain symptoms of the JenAb domen-CF Score 1.0. �to some extend additionally related to pain symptoms.

https://doi.org/10.1371/journal.pone.0174463.g002
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to tarry stools(1±3= pale;4±11= normal;12= tarry).For thisscoring,0pointsweregiven
for anormalcolor,5pointsfor apalecolorand3pointsfor atarry color.

4. Disordersof eatingandappetitewereassessedquestioningthefollowing threeitems:lack
of appetite,lossof taste,andneedfor aforcedfeeding(by thepatienthimselfor byothers).
Thefirst two itemsweremeasuredon a6-point ratingscaleanchoredateitherendby `not
atallÂ(0pts)to `alwaysÂ(5pts),respectively.Thelastitem wasevaluatedbyabinary
response:̀noÂ(0pts)and`yesÂ(5pts).A totalof 17itemswereevaluatedsothat thesumof
obtainedpointscouldrangefrom 0 to 85pointswith higherratesfor increasingseverityof
GI symptoms.Abdomenscoreswerecomparedwith eachotherandgastrointestinalCF
manifestations,historyof surgery,thenutritional status,CFTR genotype,liver function test
(LFT) includingalanineaminotransferase(ALT), aspartateaminotransferase(AST),
gamma-glutamyltranspeptidase(GGT),totalbilirubin (BIL), andalkalinephosphatase
(ALP),adherenceto pancreasenzymeintake(self-reported),antibiotic therapy,weight
(ΔWtP),height(ΔHtP) andBMI (ΔBMIP) percentileschangesin theprevious3,12,and24
monthsfor patients<18yrsandΔBMI in theprevious3,12,and24monthsin adults,lung
function includingFEV1%,andairwaycolonizationwith P. aeruginosa (PsA)and/orS.
aureus (SA).

Classification of CFTR genotype

Therecentlyestablishedpancreaticinsufficiencyprevalence(PIP)scores[27] wereusedto
measuretheseverityof specificCFTR mutationsin regardto pancreaticfunction.ThePIP
scoreiscalculatedastheproportion of PI amongall patients(PI andnon-PI) carryingthe
sameCF-causingmutation in ahomozygousor in aheterozygousstate,in thelattercasecon-
sideringthelowerPIPvaluefor bothalleles.Theterm`genotypeÂthereforerefersto thecombi-
nationof CFTR mutationson bothalleles,accountingfor themilder of bothallelesfor
characterizationof thePIPscore[28]. Accordingto theCanadianConsortiumfor CFGenetic
Studies(CCCFGS),CFmutationsareclassifiedas`mildÂregardingpancreaticinvolvement
whenPIPis�0.25andas`moderate-severeÂwhenPIPis>0.25.Thepatientscarryingat least
onemutationnot reportedfrom Ooi thatcouldnot beattributedto aspecificPIPscorewere
excludedfrom thegenotypeanalysis(15/131patientsin theJenaCFcenter).

Measures of clinical data

Demographic,clinical,andlaboratorydatawereobtainedfrom thecharts.Nutritional failure
wasdefinedaccordingto the2002CysticFibrosisFoundation(CFF)criteria [29]. Specifically,
weight-for-heightpercentile(WHp) <10th for ages0±2y,or bodymassindexpercentile
(BMIp) <10th for ages2±20y wereusedto identify underweight.BMI wascalculatedas
[weightin kilograms/(heightin meters)2]. Age-andgender-specificpercentilesfor BMI
(BMIp), weight(Wtp) andheight(Htp) wereclassifiedaccordingto thelongitudinal local
anthropomorphicdatafrom JenaobtainedbyKrohmeyer-Hauschild [30]. Changesin Wtp,
Htp andBMIp werecalculatedbysubtractingbaselinefrom valuesin theprevious3,12,and
24months,thusanegativevaluecorrespondedto adecreasein Wtp, Htp, andBMIp anda
positivevalueto anincreaseof those.A potentiallyclinicallysignificant(PCS)LFTelevation
wasdefinedasALT/AST/GGT>3×upperlimit of normal(ULN) or BIL/ALP>2×ULN. CF-
associatedliver disease(CFLD)wasdefinedaccordingto recentlypublishedguidelinesfor the
diagnosisandmanagementof CFLD[31]. Pulmonarydiseaseseveritywasdividedinto three
groupsaccountingFEV1�70percentof predicted(pp) as`mildÂdisease,FEV140±69pp as
`moderateÂdisease,andFEV1�39pp as`severelyadvancedÂlungdisease.Thisestablished
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classificationhasbeenadoptedinternationallyasacategorizationof diseaseseverityfor CF
[32±34].Statusof PsAandSAcolonizationweredefinedaccordingto Leedscriteria[35].

Data analysis

Statisticalanalyseswereperformedwith SPSS,Version23.0(IBM Corp.2015,Version23.0.
Inc.,Armonk, NY, USA).Normaldistribution of thedatawastestedusingtheKolmogorov-
Smirnov(K-S)test.Parametrictestswereusedto comparemeansbetweentwo independent
samples(two-tailedStudentt-Test)or morethantwo groups(ANOVA), whenthesamples
werenormallydistributed.Whencriteriafor normaldistribution werenot met,nonparametric
testswerechosento detectstatisticaldifferencein meansof two independentsamples(Mann-
WhitneyU test)or morethantwo groups(Kruskal-Wallistest).Nominaldatawerecompared
with Chi-squaretestor Fisher'sexacttests,asappropriate.Correlationsbetweenvariableswere
examinedusingthePearson'scorrelationcoefficient,theSpearman'srank correlationcoeffi-
cientandthemeansquarecontingencycoefficient,asappropriate.Dataaregivenas
means± SD.A p-value�0.05indicatedasignificantdifferenceor correlation.

Results

Baseline characteristics of the total study cohort

BetweenApril 2015andDecember2015atotalof 131CFpatientsattendedin theJenaUniver-
sityCFcenterwereincludedinto theprospectivestudy.Themeanagewas19.1±14.2years.
MeanFEV1was84%predictedand31patients(24%)hadCF-relateddiabetes,of whom14
(45%)wereinsulin dependent.CFdiagnosismostfrequentlywasestablishedon thebasisof
eitherpredominantGI or respiratorysymptoms,whereby24%of thepatientspresenteda
combinationof symptoms.CFTR genemutationswereidentifiedon bothallelesin all patients.
ThemostcommonCFTR mutation in theGermanpopulation,F508del,wasdetectedin 117/
131(89%)of theincludedCFpatients,with 56(43%)beinghomozygousfor this CFTR defect.
G551D wasdetectedin 17patients(13%).Furthercharacteristicsof CFpatientsarepresented
in Table1 andin S1Table.

JenAbdomen-CF Score 1.0

Abdominal symptoms. Abdominalsymptomsduring thepreviousthreemonthswere
reportedfrom all CFpatients.Mostcommonwerelackof appetite(99%)andlossof taste
(91%;Table2) followedbyabdominalpain(79%),flatulence(78%),andabdominaldistention
(63%;Fig3A,Table2). Interestingly,childrenreportedto havemoreabdominalpain than
adults(87%vs.70%;p = 0.022),whileadultsmorefrequentlyreportedabdominaldistention
(79%vs.51%;p = 0.001)andheartburn(61%vs.22%;p<0.001;Fig3B).11%of patientsadmit-
tedtheyforgot to takepancreasenzymeat leastonceaweek.Thesepatientsdid not reportsig-
nificantly moreGI symptomsthanpatientswhohadgoodadherenceto treatment(21.7vs.
19.6scorepoints;p = 0.280).

Abdominal pain. Themostfrequentlocationsof abdominalpainweretheumbilical
(83%)andepigastricregions(11%),and8%of patientsreportedaradiationof pain to thedor-
sum(Fig4).More thanonepain locationwasreportedby28%.Painintensityon thevisual
analoguescale(VAS)resultedin ameanof 3.4of maximally10points(SD:2.3).Of these
patients,7%hadmild- (VAS:1-3pts),43%moderate-(VAS:4-5pts),and30%severepain
(VAS:�5pts).Thereby,34%reportedafrequencyof abdominalpainoccurring`atleastoncea
weekÂ(Table3).Mostcommonqualityof abdominalpainexperiencedwere`pullingÂ(42%),
`colickyÂ(41%)and`sharpÂ(28%).49%of patientsdescribedabdominalpain lasting`lessthan
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45minutesÂandasmallsubgroupof patients(8%)lasting`fivehoursÂor `longerÂ.It appeared
morefrequently`duringmealsÂ(35%),̀ beforebowelmovementsÂ(34%),and`duringstressful
eventsÂ(12%).Interestingly,asmallsubgroupof patients(3%)reportedthatpain is relieved
`afterantibioticsadministrationÂand10%reportedameliorationby `bowelmovementsÂ.

Thepercentageof missingitem responseson theabdomenscorewas4.8%.Abdomen
scoreswerenon-normallydistributed(differentsizesof subgroups,e.g.,PI andPS)with a
mean/median(range)of 19.3/18.0(3±46).Altogether,femalepatientsrevealedslightlyhigher
abdomenscoresthanmales(20.4vs.18.0;p = 0.139).Moreover,no significantdifferencewas
observedamongagesubgroups(<18y:19.7vs.�18y:18.9;p = 0.385).In contrast,signifi-
cantlyincreasedASwerefound in patientswith historyof rectalprolapse(p = 0.013),distal

Table 1. Patient characte ristics.

Variable Frequen cy (n = 131)

Gender

Male 58/131 (44.3%)

Female 73/131 (55.7%)

CFTR genotype

F508del/ F508del 56/131 (42.7%)

F508del/ other 61/131 (46.6%)

G551D/ other 17/131 (13.0%)

ther/ other 14/131 (10.7%)

Age (y)

0–5 23/131 (17.6%)

6–11 27/131 (20.6%)

12–17 24/131 (18.3%)

�18 57/131 (43.5%)

Nutritional status (��18 yrs.)

Underweight 6/74 (8.1%)

Short stature 2/74 (2.7%)

P. aeruginosa (PsA): chronic 41/129 (31.3%)

P. aeruginosa (PsA): intermittent 16/129 (12.2%)

Antibiotic therapy

Intravenous therapy 27/131 (20.6%)

Oral therapy 85/131 (64.9%)

Inhaled therapy 55/131 (42.0%)

Abdominal surgeries

Laparotomy 17/131 (13.0%)

Small bowel resection 12/131 (9.2%)

Appendectomy 12/131 (9.2%)

Elevated liver function test (LFT) 90/129 (69.8%)

CF abdominal manifestations

Exocrine pancreatic insufficiency (PI) 121/131 (92.4%)

PIP score ‘mild´ 4/116 (3.4%)

PIP score ‘moderate-severe´ 112/116 (96.6%)

Meconium ileus (MI) 12/131 (9.2%)

Distal intestinal obstruction syndrom (DIOS) 11/131 (8.4%)

Rectal prolapse 14/131 (10.7%)

CF-associated liver disease (CFLD) 25/122 (20.5%)

CF-related diabetes (CFRD) 31/131 (23.7%)

https://doi.org/10.1371/journal.pone.0174463.t001
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intestinalobstructionsyndrome(p = 0.013),laparotomy(p = 0.022),meconiumileus
(p = 0.037),pancreaticinsufficiency(p = 0.042),or smallbowelresection(p = 0.048)aswellas
in patientswhohavebeenintermittently colonizedwith PsA(p = 0.006)comparedto patients
without historyof theseevents(Fig5).Forappendectomy,astrongtrendwasseen(p = 0.053;
Fig5).

CFTR genotype. Patientswhocarrymild genotypes(PIPscore�0.25)hadsignificantly
lowerratesfor GI symptomscomparedto thosewith severemutations(PIPscore>0.25)(11.0
vs.19.6;p = 0.042).In addition,patientswith aG551D mutationon at leastoneallelehadsig-
nificantly lowerJenAbdomen-CFScores1.0comparedto patientswithout thismutation(15.6
vs.19.9;p = 0.020).Of thesepatients,59%(10/17)weretreatedwith ivacaftor(Fig6).

CF-associated liver disease (CFLD). A totalof 122(93%)patientswereassessedfor a
diagnosisof CFLD.Patientswhounderwentliver transplantation(n = 2) or had<2 consecu-
tiveexaminationsspanninga1-yearperiod(n = 7) wereexcludedfrom theevaluationof a
liver disease.Twenty-fiveof 122patients(21%)metthecriteria for CFLDandsevenof these
hadliver cirrhosis(6%of all includedpatients).Therewereno significantdifferencesbetween
CFLDpatientsandthosewithout liver involvementconcerningtheJenAbdomen-CFScore1.0
(18.3vs.19.8;p = 0.487).Interestingly,JenAbdomen-CFScore1.0did not differ significantly
betweennon-cirrhotic CFLDindividualsandCFpatientswithout liver involvement(17.9vs.
19.8;p = 0.462).Evenin cirrhotic CFLDindividuals,JenAbdomen-CFScore1.0did not reveal

Table 2. Frequency of abdomi nal sympto ms in patients with CF.

Abdominal sympto ms (Item) Respond ed
[%]

Reported sympto ma [n] Mean sympto m score b (SEM)

Lack of appetite 99.2 130 2.1 (0.1)

Loss of taste 90.8 119 1.6 (0.1)

Abdominal pain 100 104 �í�í c

Flatulence 95.4 102 2.6 (0.1)

Abdominal distention 81.7 83 1.9 (0.1)

Pain during bowel movements 96.2 58 1.5 (0.1)

Fatty stools 97.0 57 �í�í d

Soft and hard stool consistency 98.5 54 �í�í e

Heartburn 92.4 51 1.9 (0.1)

Reflux of stomach content 94.7 49 1.6 (0.1)

Nausea 99.2 48 1.4 (0.1)

Constipation 95.4 40 1.7 (0.1)

Vomiting 99.2 32 1.3 (0.1)

Forced feeding 99.2 20 �í�í d

Soft stool consistency 98.5 12 �í�í e

Pale stool 98.5 6 �í�í f

Hard stool consistency 98.5 2 �í�í e

Tarry stool 98.5 2 �í�í f

aItem scale ‘1–5´ (anything but ‘0´)
bwithin the respective item (item scale ‘1–5´)
cresponse type: Likert
dbinary response type
eBristol Stool Form Scale
fStool Card Color

https://doi.org/10.1371/journal.pone.0174463.t002
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asignificantdifferencewhencomparedto patientswithout liver involvement(20.0vs.19.8;
p = 833).

Liver enzymes in serum. Of the131patients,129weretestedfor liver enzymesin thepast
threemonths.A totalof 90/129participants(70%)hadat leastoneelevationabovetheULN
and14%(18/129)presentedelevationsof LFTconsideredasPCS.Therewasno statistically
significantdifferencein meanJenAbdomen-CFScores1.0betweenpatientswith andwithout
elevatedLFT(19.6vs.18.9;p = 0.699).Similarly,therewasno differencebetweenLFTconsid-
eredasPCSandthosewithout PCSconsideration(19.6vs.19.3;p = 0.897).

Nutritional status. No significantdifferencesin JenAbdomen-CFScore1.0were
observedbetweenCFpatientswith areduced(nutritional failure)andstablenutritional status.

Fig 3. Abdom inal symptoms in patients with CF. Frequencies of abdominal symptoms in CF patients of all ages (Fig 3a) and in children compared with

adults (Fig 3b). N.d.–not determined (missing data).

https://doi.org/10.1371/journal.pone.0174463.g003
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Additionally, therewereno significantdifferencesin JenAbdomen-CFScore1.0betweenneg-
ativeandpositivechangesin Wt, Ht andBMI in theprevious3,12,and24months(datanot
shown).

Lung function. Patientswith `severeÂlungdiseaseshowedslightlydecreasedscorescom-
paredto patientswith `moderateÂlungdisease(17.2vs.19.7;p = 0.360)and`mildÂlungdisease
(17.2vs.19.5;p = 0.402).

Antibiotics. Of all includedpatients,97(75%)weretreatedwith oral,intravenous,or
inhaledantibioticsduring thepastthreemonths.AverageJenAbdomen-CFScores1.0were
slightlyhigherin childrenwhoreceivedanyantibioticstherapycomparedwith adultstreated
with antibiotics(20.5vs.18.9;p = 0.175).Amongall patientswhoreceivedantibiotics,patients
treatedwith ciprofloxacinand/ormeropenemtendedto scorehigherthanpatientstreated
with anyotherantibiotics(23.3vs.19.0;p = 0.085).

Discussion
AlthoughGI involvementisahallmarkof CF,until now it receivedcomparativelylittle clinical
and,evenless,scientificattention.To our bestknowledge,GI symptomsin CFasamultiorgan
manifestationhavenot yetbeensystematicallyquantified.Here,wepresentdataof anewques-
tionnaireassessingthecomplexityof GI symptomsfrom 131CFpatientsof all ages;theques-
tionnaireprospectivelyshallbeelaboratedto astandardizedandvalidatedabdominalCF
score,consideringtheFDA guidelines[19]. Additionally,quantifiedsymptomswererelatedto
phenotypiccharacteristicsandto laboratoryfindings.TheJenAbdomen-CFScore1.0

Fig 4. Location of abdomin al pain in patients with CF.

https://doi.org/10.1371/journal.pone.0174463.g004
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questionnaireisasimplebut meaningfultwo-pageinstrumentcapableto detectdifferences
betweenseveralCFphenotypiccharacteristics,asshownwithin thispublication.Forpurposes
of monitoring, it canquicklyandthereforeroutinely filled-in aton-sitevisits.In clinical trials,
it canbeimplementedasanadditionaleasyandinexpensivetool of,however,high relevance.

Firstof all,our studyshowedthatall includedCFpatientspresentedat leastoneabdominal
symptomwithin theprecedingthreemonths.A highprevalencerateof GI symptomsin 60%
of 70CFpatientshasalsobeenreportedin arecentsurveybyFraquellietal.[36]. Thisstudy,
however,consideredalowernumberof itemsfor theevaluationof theGI symptoms(7 items,

Table 3. Abdomin al pain characterist ics.

Characte ristic Total (n = 131) Children (n = 74) Adults (n = 57)

Intensity (VAS) 3.4 �“ 2.3 3.7 �“ 2.1 3.1 �“ 2.5

Frequency

Never 27/131 (20.6%) 10/74 (13.5%) 17/57 (29.8%)

Ca. once a month 59/131 (45.0%) 29/74 (39.2%) 30/57 (52.6%)

Ca. once a week 25/131 (19.1%) 21/74 (28.4%) 4/57 (7.0%)

Each 2–4 days 9/131 (6.9%) 6/74 (8.1%) 3/57 (5.3%)

Almost daily 9/131 (6.9%) 6/74 (8.1%) 3/57 (5.3%)

Daily 2/131 (1.5%) 2/74 (2.7%) 0/57 (0.0%)

Location

Umbilical 77/93 (82.8%) 48/54 (88.9%) 29/39 (74.4%)

Right hypochondriac 2/93 (2.2%) 1/54 (1.9%) 1/39 (2.6%)

Epigastric 10/93 (10.8%) 6/54 (11.1%) 4/39 (10.3%)

Left hypochondriac 2/93 (2.2%) 1/54 (1.9%) 1/39 (2.6%)

Left lumbar 9/93 (9.7%) 4/54 (7.4%) 5/39 (12.8%)

Right lumbar 9/93 (9.7%) 1/54 (1.9%) 8/39 (20.5%)

Left iliac 3/93 (3.2%) 0/54 (0.0%) 3/39 (7.7%)

Hypogastric 9/93 (9.7%) 3/54 (5.6%) 6/39 (15.4%)

Right iliac 9/93 (9.7%) 2/54 (3.7%) 7/39 (17.9%)

Quality

Pulling 35/83 (42.2%) 19/44 (43.2%) 16/39 (41.0%)

Colicky 34/83 (41.0%) 17/44 (38.6%) 17/39 (43.6%)

Sharp 23/83 (27.7%) 11/44 (25.0%) 12/39 (30.8%)

Burning 4/83 (4.8%) 1/44 (2.3%) 3/39 (7.7%)

Pressing 3/83 (3.6%) 2/44 (4.5%) 1/39 (2.6%)

Crampy 2/83 (2.4%) 1/44 (2.3%) 1/39 (2.6%)

Duration (min)

0 26/108 (24.1%) 10/58 (17.2%) 16/50 (32.0%)

��45 53/108 (49.1%) 37/58 (63.8%) 16/50 (32.0%)

45–90 6/108 (5.6%) 4/58 (6.9%) 2/50 (4.0%)

91–180 11/108 (10.2%) 2/58 (3.4%) 9/50 (18.0%)

181–360 3/108 (2.8%) 2/58 (3.4%) 1/50 (2.0%)

�!360 9/108 (8.3%) 3/58 (5.2%) 6/50 (12.0%)

Onset

Suddenly 50/81 (61.7%) 27/44 (61.4%) 23/37 (62.2%)

Progressively 31/81 (38.3%) 17/44 (38.6%) 14/37 (37.8%)

Radiation to dorsum 7/90 (7.7%) 5/52 (9.6%) 2/38 (5.3%)

VAS: visual analogue scale

https://doi.org/10.1371/journal.pone.0174463.t003
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comparedto 17itemsin theJenAbdomen-CFScore1.0)whatmight explainthedifferencein
theprevalencerates.Nevertheless,highprevalenceratesof GI symptomsareknownto berep-
resentativein CF.For reasonsof comparison,cleardistinction,andspecification,age-matched
healthycontrolsshouldbeincludedin futureresearchon CF-relatedGI symptomsusingthe
questionnaire.

In our study,aroundone-third (34%)of CFpatientsexperiencedat leastoneepisodeof
abdominalpainperweekwith asmallsubgroupsuffering`almostalwaysÂ(7%)and`alwaysÂ
(2%)from therelevantsymptom.Bycomparison,Munck etal.[14] reportedaverylow preva-
lenceof recurrentabdominalpain(RAP)of 6%,yetusingthemorestrict Apley'scriteria(at
leastthreeboutsof pain,severeenoughto affectoneÂsactivities,overaperiodof not lessthan
threemonths,with attackscontinuingin theyearprecedingtheexamination)[37]. In our
study,themeanabdominalpain intensitywasindicatedasmoderate(3 VASpts;median= 4/
max= 10)andof relativelyshortduration(<45min), whichis in therangeof previousreports
[8,10].Themajority of studieson abdominalpain in CF,however,did not specifythelocaliza-
tion of pain[8,10,38,39].

In the85%of patientswith exocrinePI,enzymesubstitutionmayrelievemanybut not all
GI symptoms.Thereby,low treatmentadherenceisconsideredamajorcauseof increased
symptomatology.Thatadherenceto pancreaticenzymeintakewasself-reportedmayconsti-
tutealimitation of our study,asmaladherencemight beunder-reported.Of all includedPI
patients,76%statedto havetakentheir enzymesregularly(neveror lessthanonceamonth
missedadose).Furthermore,3%statedto haveforgottenthemseveraltimesaweek,7%about
onceaweek,and14%severaltimesamonth.Thisself-reportedrateof adherenceregarding
enzymeintakeiscomparativelyhigh.For instance,Modi etal.only estimatedanadherence
rateat50%or below[40]. Comparedto objectivemeasures,self-reportsin generalinvolve

Fig 5. JenAbdo men-CF Score 1.0 of patients presenting indicated abdominal manifes tations and complica tions of surgery in compariso n with
patients without history of these events (Ø). Int PsA–intermittently colonized with P. aeruginosa, chr PsA–chronically colonized with P. aeruginosa.

Means �“ SEM.

https://doi.org/10.1371/journal.pone.0174463.g005
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someuncertaintyandmaybebiasedfor severalreasons.In consecutivestudiesit wouldbe
mostinterestingto useobjectivemethodsto measureadherenceto enzymeintakeandits cor-
relationto symptomsbut possibilitiesto effectivelyandobjectivelycontrol intakeof tablets
within daily life aremarkedlylimited.

Altogether,in our study,femalesubjectsrevealedslightlyhigherJenAbdomen-CFScore1.0
valuesthanmales.To someextent,thismaybeexplainedbyanoverlapwith somesymptoms
associatedwith themenstruationcycle.In accordance,significantlymoreabdominalpainhas
beendescribedboth in CFandin healthypubescentgirls [14,41].Of note,our studyrevealed
no differencesin theoverallabdomenscoresbetweentheagegroups.Thisaccordswell to a
recentsystematicreviewshowingthatprevalenceandintensityof nonspecificpainwasnot
linked to agein CF[12].

Our resultsshowedslightlyhigherabdomenscoresin patientswith mild lungsymptom-
atology(FEV1�70pp;19.5scorepoints)comparedto patientswith severelungdisease(FEV1
�39pp;17.2scorepoints).In line with this,it hasrecentlybeennoticedthatmild lungdisease
in CFisassociatedwith moresevereextrapulmonarymanifestations[42].

In general,CFLDrevealsaslowprogressionoveryearsandevendecadesandoftenis
asymptomaticuntil mostadvancedstages[31,43,44].In accordance,wedid not seedifferences
in abdomenscoresamongnon-CFLD,non-cirrhotic CFLD,andcirrhotic CFLDgroups.Fur-
thermore,sixof thesevencirrhotic CFLDindividualsincludedin our studywereclassified
with Child-PughscoreA indicatingcompensatedliver cirrhosiswithout signsof portal
hypertension.

In our study,CFpatientswith nutritional failure(reducednutritional state)did not report
higherratesof GI symptoms.Thisfinding canbeexplainedby theretrospectiveandcross

Fig 6. JenAbd omen-CF Score 1.0 in relation to genotype . Left: Scores obtained from ‘mild´ (PIP�0.25)

compared to ‘moderate-severe´ (PIP�!0.25) genotypes. Right: Scores of patients carrying the G551D mutation

compared to those without this mutation. Of note, the fact that 10/17 of the patients with G551D mutation

received ivacaftor may have influenced the result.

https://doi.org/10.1371/journal.pone.0174463.g006
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sectionalcharacterof our questionnaire.In aprospectivestudy,Shoffetal.[45] reportedthata
betternutritional statuswasassociatedwith increasedHRQoLscores.Thisquestionnaire,
however,includedonly oneitem on `digestivesymptomsÂ.Thus,further prospectivestudies
usingmeaningfulquestionnairesarewarrantedto evaluatetheimpactof GI symptomson the
nutritional statusof CFpatients.In this respect,additionalfactorsthatcontributeto growth
failuresuchasintestinalinflammation[46±49]anddysbiosis[50,51]shouldbeconsidered.

A main finding of our studywasthat themajority of patientswhounderwentlaparotomy
scoredhigherthanthosewithout suchsurgery.Thismight beattributedto amoresevere
courseof gastrointestinaldisease,causingvolvulus,intestinalatresia,intussusception,MI, and
DIOSin thesepatients.Interestingly,in 15of these17patients,PIPscoreswere�0.96that
accordsto PI in almostall of thesepatients.

Amongchildrenandadolescents,thosewhoreceivedseveralantibiotic i.v.coursestended
to sufferfrom morepronouncedGI symptomsthanpatientswithout antibiotic treatments.
Especiallyearlyin life,antibiotic treatmentmayaffecttheintestinalmicrobiotawith putative
long-termhealthconsequences[52]. Theusageof broad-spectrumantibioticshasbeensus-
pectedto increasetherisk of abdominalpainon theonehand[52]. On theotherhand,it has
beenassociatedwith areductionin physiologicalanaerobicspeciesandenterobacteriain the
intestinalflora [53,54].Somestudieshaveshownthatciprofloxacinparticularlysuppresses
gram-negativerodssuchasEnterobacteriaceae andBacteroides species[55,56],thuspromoting
dysbiosisin CF[50]. In accordance,weobservedhighersymptomscoresin patientswith inter-
mittent P. aeruginosa colonization,whooftenreceivelongercoursesof ciprofloxacin.

Altogether,the17CFpatientsof our cohortcarryingat leastoneG551D-CFTR mutation
showedlowerscoresthannon-G551D-CFTRpatients(13.6vs.17.0;p = 0.029).As59%of
thesepatients(10/17)receivedivacaftorat thetime of questioning,wecannotdistinguish
whetherthisoutcomewasdueto therapyor becauseof thegeneralmilder clinicalphenotype
comparedto F508del, aspreviouslysuggested[57,58].In addition,patientstreatedwith ivacaf-
tor (IVA) reportedsignificantlylowerscoresin comparisonwith non-G551D-CFTRpatients
(11.7vs.17.0;p = 0.032).In line with this,wehereinproposetheusageof our questionnaire
with specialemphasison its valuefor futureclinicalstudies.AsCFTRmodulatorssuchasIVA
actsystemically,theassessmentof changesin abdominalsymptomsisof outstandinginterest,
especially,sincefirst CFTRmodulatorsfor frequentmutationslike F508del arenowavailable
[59], andmanystudieswith novelmodulatingsubstancesareon theway.Thereby,adeeper
understandingof thecomplexabdominalinvolvementisneededandassessmentof changesof
abdominalsymptomsduring CFTRmodulationisof high interest.In light of this,thecomple-
mentingusageof PROMssuchassymptomquestionnaireslike thehereinpresentedis
promising.

Asmentionedabove,onelimitation of our studyis its retrospectivecharacter.Furthermore,
missingvaluesin thequestionnairewerereplacedbyzerowhatmight haveintroducedbiased
estimatesinterferingwith thefinal score.However,thepercentageof missingdatawasonly
4.8%,whatcanbeconsideredaslow,accordingto MonteCarlo[60].

Finally,from our datawecanconcludethatpatientswith aseverecourseof thediseaseor
with genotypescausingamoderateto severeabdominalinvolvement(whatat thesametime
morefrequentlyisassociatedwith historyof DIOS,MI, PI andrectalprolapses)aremorelikely
to havehigherratesfor GI symptoms.Concurrently,GI symptomatologywasnot associated
with CFLDor elevatedLFTs.

Meanwhile,wehaveelaboratedarevisedandimprovedversionof our questionnaireand
thededucedJenAbdomen-CFScore,whichnowwill undergothefollowingsteps:
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· Evaluationof reliability of thequestionnairebyexamininginternalconsistencyandcon-
structvalidity,

· Evaluationof reproducibilityof thequestionnaireby re-testingof patients,

· Assessmentof cross-generationalapplicabilityof thequestionnairebysubscoringof age
groups,

· Evaluationof theresponsivenessof thescorebycomparisonwith age-matchedhealthy
controls,

· Evaluationof thepowerof thequestionnairebycomparisonwith theCysticFibrosisQues-
tionnaireRevised(CFQ-R)whichinquiresmainlyQoL items,

· Assessmentof applicabilityof thequestionnairein otherCFcenters,

· Assessmentof putativerelationshipsof abdominalsymptomswith faecalinflammatory
markers.

Prospectively,weaimatdisseminatingandapplyingour JenAbdomen-CFScoreto alarger
patientcohortnot only in Germanybut alsoin othercountriesin orderto assesspracticability
of thequestionnaireandprovideproof of principlefor thesignificanceof thethuscalculated
scoreon GI involvementin CF.
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